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ABSTRACT Lipopolvseccharlde (LPS), a major envelope 
component of Gram* negative bacteria, Is the most frequent 
causative agent of septfe shock and disseminated intravascular 
coagulation. LPS activates both CD14-po5ilire (monocytes, 
macrophages, polymorphonuclear leukocytes) and CD14- 
negative (B-tell littes, endothelial cell$) cell* CDJ4, a 55-kJOa 
glycosyl-phosphatidylinositol-anchored membrane protein 
present on mature myeloid cells* serves as a receptor for LPS 
In complex with 9 soluble (serum- derived) LPS-blndEng protein 
(LBP). In this report, we shovr thai human umbilical tcin 
endothelial cells (HUVEQ, which do not express measurable 
CD14 protein, become 3000 -fold more sensitive toLPS-induced 
Activation in the presence of serum, as measured by activation 
oT the transcription factor NF-kB and expression of otRNa 
encoding tissue factor, a procoagulanl molecule. This enhanced 
responsiveness of HTJVEC is specifically mediated by the 
cell-free pool of COM (soluble CD! 4, sCDl4) found in Scrum, 
The role of sCDl4 in HWEC activation by LPS was estab- 
lished by (i) the blocking effect of monoclonal anli-CP14 
antibodies which discriminate between cell-bound and sCD14, 
(m) the lack of the serum-enhancing effect after bnmunodeplo 
tjon of sCD14 t and (ui) establishing a reconstituted system in 
which recombinant sCD14 was sufficient to enhance the effects 
of LPS In the absence of serum and without a requirement for 
LBP. Thus, this mechanism of endothelial cell activation by 
LPS involves a cell -free pool or*CDJ4 most likely shed from 
CDl4 -positive cells of lbs monocytic Uncage. 

Lipopolysaccharide (LP5)-producing Gram-negative bacteria 
arc the most frequent cause of sep lie shock, which affects 
approximately 400,000 patients annually in the United States 
(1). Vascular complications of septic shock, including hypo- 
tension and disseminated intravascular coagulation, are re- 
lated to endothelial injury induced by LPS (2). Recently, a 
55-kDa glycoprotein termed CD14 and expressed through a 
glycosyl-phosphatidyl inositol anchor on the surface of mono- 
cytes, macrophages t and polymorphonuclear leukocytes (3) 
was established as a cellular receptor for LPS (4, 5). Com- 
plexes of LPS and the serum-derived LPS-binding protein 
(LBP) have been shown to potently stimulate tumor necrosis 
factor a (TNFa) production by monocytes and macrophages 
in a GDl4-dependeni maimer (4, 6). However, certain CD14- 
negative cells, including vascular endothelial cells and B 
lymphocyte cell lines, are also responsive 10 LPS (7, $)- 

Endothelial cells stimulated with LPS and the inflammatory 
cytokines TKFo and interleukin (1L)-1 exhibit an activated 
phenorypc due 10 the expression of gene$ encoding tissue 
factor, plasminogen activator inhibitor 1, and leukocyte ad- 
hesion molecules, as well as the release of soluble cytokines, 
including IL-L IL-6, IL-8, monocyte chcmoattraclant protein, 
and the colony stimulating factors (CSFs) {ref. 7 and refer- 
ences therein). The response of endothelial cells to LPS is 
enhanced by serum (9-12). Recently, a role for soluble CD14 
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(sCD14) present in serum was demonstrated in LPS -induced 
cytotoxicity to bovine endothelial cells and expression of 
endothelial leukocyte adhesion molecule (E-selectin) in hu- 
man endothelial cells (13). Although LPS can bind to sCD14 
(14), alterations m intracellular signaling pathv/ay$ induced by 
this complex are Unknown, Moreover, the role sCDl4 plays in 
LPS-induced signal transduction events required for altered 
gene transcription has not been previously addressed. 

In this regard, it is well recognized that LPS is a potent 
activator of the transcription factor NF-xB/Rcl family of 
DNA-binding proteins (Jj5). Several LFS-imfucibJc £Cnes— 
including tissue factor IL-1 (17), IL-6 08), IL-S (19), 
granulocyte colony-stimulating factor (G-CSF) (20), vascular 
cell adhesion molecule 1 (VCAM-X) (21-23), and E-selectin 
(24^26) — con Lain elements within their promoter region* that 
are recognized by one or more members of the NF-*B/Rel 
transcription factor family. Whereas the signal transduction 
pathways) involved in the activation of NF-kB in endothelial 
cells is unknown, recent studies with THP-1 monocytic cells 
indicate that LPS stimulates phosphorylation of MAP3, 
termed IhBq, an inhibitor of NF-<cB (27). Phosphorylation of 
MAD3 regulates translocation of NF-xB from the cytoplasm 
to the nucleus (28). Together, these findings suggest thai 
LPS-indueed activation of NF- *B in endothelial cells may play 
a pivotal role iq increasing expression of multiple gene prod- 
ucts which ultimately contribute: to endothelial activation and 
vascular injury. 

In the present study, wc measured the activation and 
nuclear translocation of NF-kB DNA-bindino activity by gel 
mobility shift analysis as a specific index of the endothelial 
response to LPS. Wc report here that primary cultures of 
human umbilical Vein endothelial cells (HUVEC) respond to 
ng/ml concentrations of LPS in a serum-dependent manner. 
We further demonstrate that a cell-free pool of sCD14 is the 
active serum factor responsible for the enhanced sensitivity 
of HUVEC to LPS. Both activation of NF-kB and increased 
mRN A encoding tissue factor are induced in endothelial cells 
after exposure to ng/ml concentrations of LPS in the pres- 
ence of sCD14. Significantly, SCD14 has the capacity to 
enhance these effects of LPS on human endothelial cells 
independent of LBP. 

MATERIALMAN!) METHODS 
Culture and Treatment of Cells. Primary cultures of human 
endothelial cells obtained from collagenase-digesied umbili- 
cal veins were established in M199 medium with 20% fetal 

Abbreviations: LPS, lipopolysaccharide; LBP, LPS-binding protein; 
HUVEC, human umbilical vein endothelial cells; &CD14, soluble 
CDM; TNF*, tumor necrosis factor a: IL, imerlftuidn; CSFs, colony 
stimulating fa c ion; £*rclecuii, endothelial leukocyte adhesion rool- 
ecule-l; GAPDH, glyccraldchydeO-phosphaw dehydrogenase. 
'Present address: Department of Pathology, Dtvisioa of Vascular 
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Boston, MA 02m, 
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bovine serum (iCN-FJcw, Costa Mesa, CA), porcine Intes- 
tinal hepann (Sigma) at 100 Mg/mL endothelial mitogen 
(Biomedical Technologic*, Sloughton, MA) at 50 iWmL 
penicillin at 50 units/ml and streptomycin (ICN-Flow) at 50 
ps/ml. and 25 mM Hopes (ICN-Flow) in gelatin-coated plates 
<29, 56). Confluent monolayers (3-5 x JO* cells, passages 2-*) 
were rinsed twice with Hanks' balanced salt solution and 
exposed lo Escherichia coll LPS (0127:B8, Difco) for 2 hr in 
serum-free medium (Endothelial SFM, GIBCO/BRL) with 
and without the addition of 10% human serum containing no 
detectable LPS (North American Biological, Miami). Mono 
Mac 6 cclb were cultured in KFM1 1640 medium with 109& 
fcial bovipe serum, 0.1 mM nonessential amino acids 
(GIBCO), 1 mM oxaloacetic acid, 1 mM sodium pyruvate, 
insulin (Sigma) at 9 j*«/mL penicillin at 50 units/ml, and 
sirepLomycin at 50 pi/uA (30). 

Nuclear Extracts. Following experimental treatment of 
endothelial tells , nuclear extracts were prepared as described 
by Molitor ei at (31) with the foIlowinB modifications. Cell 
monolayers 0-5 * 10* cell*) were harvested, washed in cold 
phosphate-buffered saline (PBS) (57). and incubated in 80 pi 
of buffer A (10 mM Hepes. pH 8.0/1.5 mM MgCla/10 roM 
KC1/0.5 mM ditbiolhreitol/200 mM swcrose/0,5 mM phenyl- 
methanesuMonyl fluoride/0.5 /ig of Icupeptin per ml/0.5 Mg of 
aprotinin per ml/0,5% Notudet P-40) for 15 min at 4 B C- Nuclei 
liberated by the lysfc step were collected by microcentrhV 
gatfon, rinsed once in buffer A, and rssuspcttded in 80 fd of 
buffer B [20 mM Hepes, pH 8 0/20% (vol/vol) glycerol/0.1 
M KCI/0.2 mM EDTA/0.5 mM phenylmethancsulfonyi flu* 
oridc/0 J mM djihiothreiiol/0 J ^tg of Icupeptin per ml/0-5 ^ 
of aproiinin per ml]. Nuclei were sonicated for 30 s at 15^ 
output (Virsonic Cell Disrupter 475, VirTis) and clarified by 
micTOcentrifiigation for 30 s. The resulting supemaianta 
contained 1-2 mg of protein per ml by Bradford assay (32) 
with bovine serum albumin as the standard- Nuclear extracts 
were frozen on dry ice and stored at -80*C. 

Otttrophorclic MobiBty Shift Assay. A double-stranded 
oligonucleotide containing the NF-«B bindi ng sit e from Ibe 
murine immunoglobulin k enhancer (5'AGClTAGAGGk 
nACTTTCC GAGAGGA-3') was labeled with 30 iid (1 Ci = 
37 GBq) of La M PJdATP (New England Nuclear) and the 
Klenow fragment of £. c4l\ DNA polymerase L Binding 
reactions were in 20 /d containing 15 jug of nuclear extract 
protein, binding buffer [10 mM TnVHCl, pH 7-5/20 mM NaCl, 
1 mM diihiothreitol/1 mM ZUTA/5% (vol/vol) glycerol/1 ft 
of poly(dI-dC)/l /ig of single-stranded salmon testis DNA], 
and 50,000 cpm of "P-labelcd DNA. Reaction mi* wires were 
incubated at room temperature for 20 min and analyzed by 
electrophoresis on a nondenaturing 4% polyacrylamide gel at 
180 V for 2 h under the high-ionir>sirength conditions de- 
scribed by Ausubel et ai (rcf 33, pp. 12-2.1-12.2-10). After 
electrophoresis, gels were dried and PNA-protein complexes 
were localized by autoradiography for 18 h. 

Blocking of CD14 with Monoclonal Antibodies, Murine 
monoclonal antibodies specific for recombinant human 
$CD14 (5G3, 18E12, 26F3, 28C5, and 10B7) were generously 
provided by Ann Moriarty and Didier Leturcq (R- W. 
Johnston, San Diego, CA) (34). Endothelial SFM containing 
10% human scrum was incubated with monoclonal antibody 
(IgG, 10 /*g/ml) for 15 min at 37°C prior to the addition of LPS 
at 100 ng/ml. HUVEC were washed twice with Hanks' 
balanced salt solution and incubated with control Or anti- 
body-treated medium containing LPS for 2 h prior to prep- 
aration of nuclear extracts, 

InonuDodepletloii of Human Serum with Antl-Ct>14. Ami- 
CD14 (MY4) and an isotype control IgG2b (Coulter) *cre 
coupled to protein G-agarose (Calbiochem) in 0,1 M sodium 
acetate, pH 5, at 4°C. Antibody-coupled agarose was rinsed 
extensively in Hanks 1 balanced salt solution and incubated 
*ith human aerum overniftjii at 4°C. After eentrirbtation to 
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remove antibody-coupled agarose, serum was tested by 
Western blotting with anti-CD14 and the ECL chemflumi- 
nescence detection system (Amersham) to confirm that CD14 
was depleted. 

Northern Analysis. mJRNA from 1 * 10 7 cells «w isolated 
using the RNAgents iota! RNA and PblyATract mRNA iso- 
lation systems (Proraega). mRNA was separated by electro- 
phoresis on a 1% agarose/formaldehydc gel, transferred to a 
Hybond-N membrane (Amersham). and immobilized by W 
irradiation with a Bioslintc Transillurninator (Bios, New Ha^ 
ven f CD- Blots were prehybridized for 6 h and hybridized 
overnight (rcf- 33, p. 4-P.7) at 42*C with ^-labeled probes 
(Siratagene Prime-it U Irit). cDNA clones for CD14 and tissue 
factor were generously provided by Brian Seed (Massachu- 
setts General Hospiial) and Nigel Mackman (The Scripps 
Research Institute), respectively. Glyccraldehydc-3-phos- 
phatc dehydrogenase (OAPDH) cDNA probe was obtained 
from Clomech. 

Reagents. Recombinant sCD14 produced in CHO cells and 
purified human LBP(35) were provided by Ann Mori any and 
Didier Leturcq. All other reagents were cell culture or 
molecular biology grade from Sigma. 

RESULTS 

Activation oTNF-kB by LPS Is Dependent upon Strum. Early 

pas sages (2-4) of HUVEC derived from primary cultures were 
grown in the presence of fetal bovine scrum containing iio 
detectable LPS. When such cultures were incubated in a 
serum-free medium they exhibited a smiting dependence on 
human serumfor their responsiveness to LPS, as measured by 
activadon of NF-kB DNA binding in nuclear extracts (Fig. 1). 
In the absence of human serum, concentrations of LPS up to 
30 fig/ml induced only *eak activation of NF-kB in HUVEC, 
In the presence of 10% human serum, LPS at 10 ng/ml elicited 
measurable NF-kB activation (Fig- 1). Thus, the addition of 
human scrum enhanced the sensitivity gf HUVEC to LPS 
3000*fold (compare lanes 5 and 8)- In sharp contrast, TNF« 
and pnorbol 12-myristate 13-aceiate» which also poiently 
activate NF-*B in HUVEC, did not require serum for their 
effect (data not shown), 

- Serum + serum 
LPS r ^ , 

0*g./ml) t 0 J 1 10 30 0 .001 .01 .1 1 
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Fic. 1. LPS aciivaiion of NF-kB DNA binding in HUVEC Is 
dependent on scrum. HUVEC were ire&ttd with indicated concen- 
trations of LPS for 2 b in ehe ab«n« and presence of 109* human 
serum. Nuclear extracts were prepared and assayed for NF^wB 
DNA-bindlng activity by gel rclardauon analysis* Arrows iodscaie 
pojiiion of three DNA-binding complexes. Formauon of complies 
A und B was decreased by competition with unlabeled wfld-rype but 
ooi muifttu NF-*tB oligonucleotides (not shown), veriiying the spec- 
ificity or binding. Complex C ia cons tiro lively present and binds 
nonipecifieally- Tb* daia shown are rtprtsenialive of three exper- 



PAGE 75^8 ' RCVD AT 4/19(2004 11:31:56 AM [Eastern Daylight Time] * SVfcUSPTOtFXRMft" DNIS:8729306 * CSID:416 865 7380 * DURATION (mm-s$):3*-52 



APR- 19-2004 12=01 



TORYS LLP TORONTO 



416 665 7380 P. 76 



Medical Sciences: Read et at. 

LPS Activation of HUVEC Is Blocked by Anti-CD14 And- 
bodies. Previous studies have shown thai treatment of CD14- 
positive monocytic cells with ami-CDH antibodies markedly 
inhibits iheir response to LPS (4. 34). Amonft a panel of five 
monoclonal antibodies raised against recombinant CD14, we 
found that three (18E12, 26F3, and 2BC5) strongly inhibited 
LPS-induced expression of nucJearNF-«B in HUVEC in the 
presence of 10% human scrum (Fie- 2/t). Two of these 
antibodies (2SC5 and 18E12) also inhibited NF-«B activation 
in response to LPS in ihe human monocytic cell line Mono 
Mac 6, which is CD14 positive (30) (data not shown). Sur- 
prisingly, monoclonal antibody 26F3 was inhibitory with 
HUVEC (Fig- 24, lane 8), but it failed to inhibit NF-kB 
activation by LPS in Mono Mac 6 cells (data not shown). 
Notably, this particular antibody recognizes the soluble form 
of CD14 but not cell membrane-anchored form (Didier Lc- 
turcq, personal communication}. Furthermore, serum which 
was depleted of sCD14 did not render HUVEC responsive to 
LPS (Fig. The$e results suggest thai aCD14 rather than 
the membrane-anchored form mediates the activation of 
intracellular signaling events by LPS in HUVEC- 

Because ami-CD14 monoclonal amibodics ablated the se- 
rum-dependent responsiveness of HUVEC to LPS, we ex- 
amined expression of CD14 in HUVEC. Consistent with 
prior reports (36), no evidence was obtained for the presence 
of cither cell surface or cytosolic CD14 by flow cytometry 
analysis and immunohistochemical staining with HUVEC, 
using Mono Mac 6 cell* as a positive control (data nor 
Shown), We further examined CDH expression by evaluating 
sieady^state CD14 mRNA levels In HUVEC- As shown in 
Fig. 3, Northern blots confirmed that HUVEC expressed low 
levels of CD14 mRNA relative to Mono Mac 6 cells, and 
treatment with LPS failed to augment the level of CD14 
mRNA expression in cither cell type. Cumulatively, these 
data indicate that human endothelial cells do not express 
membrane-bound CDH, but instead require a cell-free pool 
of CDIA present in serum in order to respond to LPS- 

*CD14 Renders HUVEC Responsive to LPS in Serum-Free 
Medium, To examine whether cell-free CD14 and/or LBP 
could potentially replace serum as a mediator of LPS respon- 
siveness in HUVEC, we established a reconstituted system 
containing recombinant cell sCDl4 and LBP purified from 
human scrum (35). Both were used in concentrations equiv- 
alent to those found in the 10% human serum used in this 
study (CD14 at 0.1 jug/ml and LBP at 1 ftg/mi). As shown in 
Bg. 4. LPS incubated with LBP alone caused only minimal 
stimulation of HUVEC in senlm-free medium, as measured 
by nuclear translocation of NF-kB. On ihe other hand, LPS 
in the presence of sCP14 was effective in activating NF*kB 
in HUVEC. The addition of LBP to sCDH did not further 
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Fiq. y Northern analysis of mRNA encoding CD14 from 
HUVEC and Mono Mac 6 ceHa. mRNA was isolated from cells 
exposed to LPS (100 as/ml) fix 0 and 3 h and analysed, OAPDH 
mRNA was used as the internal Control, The Mot represents one of 
two independently performed experiments. 

enhance the response to LPS above that obtained with sCD14 
and LPS* To confirm thai serum-derived proteins such as 
LBP were not contributing to the observed effect of LPS and 
sCDJ.4, cells were placed in serum-free medium for 16 h prior 
to stimulation. Similar to cells ihat had been washed and 
placed immediately in serum-free medium, these serum- 
starved cells responded to LPS when sCD14 was added (not 
shown). 

To determine whether the intracellular signals generated by 
LPS/SCD14 were sufficient to induce a known LPS- 
responsivc gene, ws examined expression of tissue factor 
mRNA, whose expression is stimulated by LPS in HUVEC 
C37). When HUVEC were stimulated with LPS and sCD14 in 
serum-free medium, steady-state expression of tissue factor 
mRNA was observed (Fig. 4B). Thus, in keeping with the 
observed dependence of LPS-mediated NF-*8 activation on 
• sCD14, increased levels of tissue factor mRNA were induced 
by LPS and sCDX4 in the absence of LBP or other serum 
factors. 

DISCUSSION 

In this study, we demonstrate that primary cultures of 
HUVEC, which do not express detectable CD14 on Ihcir 
surfacct respond to ng/ml concentrations of LPS in a scrum- 
dependent manner, as determined by measuring activation of 
the transcription factor NF-kB. The factor responsible for the 
serum-dependent effect was identified as the soluble form of 
CD14, on ihe basis of the following criteria. First, the 
enhancing effect of serum was completely blocked by three 
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FlO. 2. Monoclonal antibodies to CD14 block 
LPS4nduced activation of NF-rfB DNA binding in 
HUVEC. (A) HUVEC were exposed to LPS (100 
ng/ral) for 2 h in media containing 10& human 
serum which had been pre treated with or without 
(he indicated monoclonal antibodies at 10 /tg/ml- 
An additional monoclonal aim-CD 14. 10B6, also 
wis evaluated in this assay arid did not inhibit 
activation of NF-cB in HUVEC (not shown), (fi) 

HUVEC were exposed to LPS O00 ag/ml) for 2 h 

in the presence of 10^6 human scrum which bad 
been created with tnri-CDH (Mv4) or an isolype- 
matched comrol- antibody coupled to protein 0 
agarose. The data Shown art representative of two 
experiments. 
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Fig- 4. Recombinant tCDU renders HUVEC rt3pon£iv e to LPS 
in serum-irM medium (SFM). HUVEC w W e exposed 10 LPS (100 
ng/ml) in SPM ft» 2 h (A) or 3 h (0) in ihe absence or pre***ce of 
SCDH (0.1 Hg/»nl) and/or LBP (1 «g /ml). (A) Nuclear extracts wcrt 
prepared and assayed for NF-kB DNA binding. (ff) mRNA was 
prepared and probedfor dsjne factor <TF) or GaPDH as an Imenud 
coairuL The blot represents one of two independently performed 
experiments. 

monoclonal antibodies lo CD14, including one which recog- 
nized soluble but not cell membrane-bound CP14, Second, 
the selective removal of sCD14 from serum by immunode- 
pletion abolished the serum-enhancing effect on LPS- 
raediatcd activation of HUVEC. Third, m reconsriiuiion 
experiments, recombinant sCE>14 could replace serum with- 
out further supplementation with LBP, an additional serum 
factor which can complex with LPS (6). In a reconstituted 
system the concentration of recombinant sCDU needed for 
LPS-induced activation of NF-kB was 0.01 jAg/mi (unpub- 
lished observations), while that found in 10% human serum 
is 0,1 /ig/mJ. It is noteworthy that in our serum-free system, 
treatment of HXJVEC with LPS and LBP, but without sCD14, 
did not lead to activation of <B or to an increase in tissue 
factor roBNA. Thus, scrum-derived LBP is apparently dis- 
pensable in the respond of HUVEC to LPS. Together, these 
data show that a cefl-free soluble form of CD14 >» responsible 
for the 5orum-d«penden( effect of LPS, via a molecular 
mechanism of endothelial cell activation that does not require 
semm-derivei LBP. 

Serum dependence in the response of bovine and human 
endothelial cells to LPS ha* been the subject of a Dumber of 
investigations (9-13). Most recently, the cytotoxic effects of 
LPS towards bovine brain microvascular endothelial cells 
were linked to the presence of serum-derived sCDH (13), In 
addition, LPS-induced expression of E-scleciin in human 
endothelial ceils was attributed to sCD14 (13). The results 
described herein extend these observations to the pathway of 
activation of the transcription factor NF-kB and expression 
of mRNA encoding tissue factor m human endothelial cells. 
The complexes formed berween the radiolabeled double- 
stranded oligonucleotide probe containing the NF-kB binding 
site used in these experiments and nuclear proteins were 
similar to those obtained by using the oligonucleotide probe 
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representing the NF-*B binding site present in other LPS- 
induced genes such as the urokinasc-type plasminogen acti- 
vator gene (results not shown), However, activation of 
NF-kB is necessary but not sufficient for induction of a 
number of UPS-responsive genes, including E-selctfin and 
tissue factor (16, 26). Induction of E-setecun expression is 
primarily regulated at the transcriptional level (25, 26), 
whereas in the case of tissue factor, the response to LPS 
involves increased mRNA synthesis as well as pr>sttrtnscrip- 
tionnl regulation (37, 38). Thus, data presented here and in 
previous reports suggest that sCD14-eub&nced j_pS stimula- 
tion can trigger multiple signaling pathways which result in 
endothelial cell activation. 

These results raise the possibility thai cell-free sCDU 
present in the blood may prime LPS for enhanced ligation 
with a putative LPS receptor on HUVEC. It has been 
demonstrated that sCD14 can form stable complexes with 
LPS in vitro (14). The mechanism of enhancement of LPS 
interaction with human endothelial cells by sC£14 remains 
Unresolved. Evidence for an LPS receptor on LPS-sensitive 
cells which lack CD14 has emerged from studies with the 
pre-B-cell line 70Z/3 (3?). However, this putative receptor 
has not been directly linked to LPS-tndueed signal transduc- 
tion within the intact cell. Additional evidence for an LPS 
receptor has been obtained in endothelial cells, 702/3 ceils, 
and monocytic cells, where activation by LPS la inhibited by 
nontoxic forms of LPS and nontoxic derivatives of lipid A, 
the active moiety of LPS (40-47). These studies suggest that 
the nontoxic compounds inhibit cellular responses to LPS by 
blocking receptor-mediated recognition of LPS/tfpid A on 
the eel) surface. Recently, 702/3 cells transfected with CD14 
cDNA were shown to express the glycosyl-phosphatidylino- 
siiol-linked membrane form of Ct>l4 and were lO.OCxVfold 
more sensitive to LPS than mock-iransfectcd cells (B). Con- 
sistent with our findings in HU VEC, increased sensitivity of 
the CDl4-transfected 70Z/3 cells was observed in the ab- 
sence of LBP, Thu$, either sCD14 or cell membrane CD14 
may facilitate recognition of LPS by a second, signaJ- 
generaiirig, receptor which is more responsive to LPS when 
ine LPS is presented in the context of CD14. 

In monocytic cells, human immunodeficiency virus type Z 
(HIV-l) sene expression is regulated by factors which bind the 
NP-kB DNA element (48), A recent study demonstrated that 
expression of CD14 was necessary for LPS-induced HTV-1 
production in certain monocytic cell lines (49). Since human 
liver sinusoidal endothelial cells can be readily infected With 
HIV-l (n vitro (50), it will be important to establish whether 
sCD14 plays a role in LPS-induced activation Of H3V-1 gene 
expression in virus-infected endothelial cells. 

Although data presented here And elsewhere clearly dem- 
onstrate that sCD!4 enhances LPS responsiveness of endo- 
thelial cells in vitro, the source of sCt)14 in vivo remains to 
be established. The cell-free pool of soluble CD14 in blood 
may be derived from monocytic cells which shed CP14 from 
their surface (51) While the physiologic mechanism of shed- 
ding of CD14 has not been elucidated , it may involve cleavage 
fay both proteolysis and phospbatidylmoBitot-speciftc pbos- 
pholipase C (52). Since levels of CD14 arc increased in blood 
of septic patients (53), shedding of CD14 from monocytic 
cells may set the stage for endothelial cells to respond to low 
levels of LPS in the circulation {54, 55), The role of sCDM in 
enhancing vascular injury in LPS-induced generalized 
Shwartzmao reaction (2) warrants consideration. The initial 
dose of LPS may rc&ult in increased shedding of sCD14 from 
monocytic cells, rendering endothelial cells susceptible to 
subsequent challenge by LPS, Activation of endothelium by 
cytokines, including TNFa and 1L-1 (7)* a* well as the direct 
effects of LPS enhanced by sCDl4, may result in more 
profound changes in vascular endothelium. This mechanism 
ol'iCD14-dependent endothelial cell actfYatioo by LPS may 
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therefore p>ay ft ctmnl role in enhancing the vascular com- 
plication* of Gran-QCgarive bacteremia such as septic shock 
and disseminated intravascular coagulation. 

Note Added fav P^T. After submission of mis paper Pugin tied. (58) 
reported that LPS-induced expression of vwcular o^ adhwion 
molecule 1 and 1W in human endothelial celli is mediated by 
LPS-bindlng protein and soluble CD14. 
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